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THE EFFECTS OF A MIRROR ON COGNITIVE STRATEGY AND PERFORMANCE OF A 
MUSCULAR ENDURANCE TASK 
by 
BRIANNA SIMMONS 
(Under the Direction of Nick J. Siekirk) 
ABSTRACT 
Context: Mirrors are common-place in exercise facilities, however, the effect the mirror has on 
cognitive strategy (i.e., where the mind’s at) and performance time has not been examined in a 
muscular endurance task (i.e., a wall sit). Objective: To determine, (1) the mirror’s effect on 
cognitive state during a wall sit to volitional exhaustion, (2) the mirror's effect on time to 
volitional exhaustion during a wall sit, and (3) the mirror’s effect on the participant’s rating of 
perceived exertion (RPE) during the wall sit. Design: Repeated measures design. Setting: Indoor 
exercise facility. Participants: Twenty resistance-trained Georgia Southern University Students 
(9 males, 11 females; age = 22.15 ± 2.25 years). Main Outcome Measures: Participants held a 
wall sit to volitional exhaustion under a mirrored and non-mirrored condition. The order of 
conditions was randomized. Time to volitional exhaustion (seconds) was collected. Heart rate 
(HR) and Rating of Perceived Exertion (RPE) were assessed in 10-second increments during 
each trial. After each trial, participants completed a post-trial questionnaire asking where their 
mind was at during the start, middle, and end of each trial. Participants were allowed adequate 
rest time between each trial. Results: Cognitions were significantly different at the different time 
points during the wall sit within the mirrored (p < .01) and non-mirrored condition (p < .01), but 
there were no significant differences between the conditions at the start (p = .564), middle (p = 
.206), or end (p = 1.00). Participants held the wall sit longer in the mirrored condition (95.27 ± 
36.93 seconds) as opposed to the non-mirrored condition (86.35 ± 41.10 seconds), a statistically 
significant mean increase of 8.92 seconds (p = .03). RPE scores were statistically significantly 
different at different time points within the mirrored and non-mirrored conditions (p < .01), but 
not statistically significantly different from start to end between the conditions (p = .881). 
Conclusion: The mirrored condition resulted in a longer held wall sit, by directing the 
participants to maintain an associative cognitive state throughout the task.  
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The construct of motor learning is routinely defined by the improved performance of a 
motor skill over time (Fairbrother, 2010). To acquire a new skill, the exerciser must practice 
deliberately. Deliberate practice can be a mental (i.e., mental rehearsal, mental imagery) or an 
active - physical practice (Fridland, 2021). Coaches can help shape the exerciser's learning 
experience by providing visual demonstrations that are coupled with verbal instructions. The 
verbal instructions can teach the learner about the skill or explain the mechanical sequences and 
intricacies (Schmidt et al., 2018). Coaches may also provide words of verbal encouragement 
often targeted to optimize motivational or emotional states. The learner’s attentive observation 
then evolves to active participation (i.e., the deliberate practice). The coach can reinforce the 
movement’s main elements by using verbal cues to redirect the exerciser’s attention to critical 
task elements, initiate a movement sequence, or recall a series of motor activities (Landin, 2021). 
Mastering the skill is more likely when deliberate physical and mental practice is performed over 
time, in a variety of environments and the exerciser is intrinsically motivated and capable of 
emotional and cognitive regulation. Practice under a motivated state is ideal because the exercise 
can better shape concerted efforts (Wulf & Schmidt, 1997). An understanding of error originates 
from external sources of feedback (e.g., coach) and overtime, the learner can depend more on 
their own sources (e.g., visual feedback). Feedback can be provided in two generic forms: 1 - 
knowledge of results and 2 - knowledge of performance (Fairbrother, 2010). Practice is 
ultimately shaped by active trial and error.  
External sources of feedback can redirect the exerciser towards a cognitive state 
advantageous to the performance of the task. Coaches may provide verbal or visual (e.g., with 
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tools such as video cameras or mirrors) cues to facilitate concurrent feedback to help prompt an 
advantageous cognitive state. A cognitive state or the exerciser’s state of mind is indicative of 
current cognitive processes, emotional and motivation states. Keeping the mind on the task or the 
body (e.g., sensations) is an associative cognitive state (Lind et al., 2009). Whereas the cognitive 
state where the exerciser’s mind has deviated from the task or body is said to be dissociative 
(Lind et al., 2009).  
Weakley et al. (2020) examined the effects of different forms of concurrent feedback on 
barbell velocity during squat performance. Feedback included verbal kinematic (i.e., the 
researcher verbally relaying barbell velocity), visual kinematic (i.e., visual presentation of 
barbell velocity), and a generalized verbal encouragement (i.e., researcher continuing shouting 
encouraging words to the exerciser). All feedback improved barbell velocity with effect sizes 
(ES) of .86 (i.e., verbal kinematic), .77 (i.e., visual kinematic) and .74 (i.e., verbal 
encouragement). This study showed that feedback improved performance, however it was not 
sensitive to the effect of that feedback. The use of feedback here can be viewed as the cognitive 
strategy to facilitate a cognitive state (i.e., the exerciser’s state of mind). There is a clear need for 
an examination of how each form of feedback directs the exerciser's mind. Notably, a dichotomy 
between feedback and the resultant cognitive state should be addressed.  
Neumann & Heng (2011) attempted to direct cognitive state by interjecting sound that 
was either associative/task-related (i.e., auditory representation of electromyography (EMG) 
magnitude) or dissociative/non-task-related (i.e., counting a word’s frequency during a song). 
The use of the auditory tone (i.e., EMG) was combined with participants needing to report which 
repetition had the loudest tone. This intervention was considered a strategy to facilitate an 
associative cognitive state and resulted in less physiological effort (i.e., reduction in two EMG 
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parameters + lowered heart rate) (Neumann & Heng, 2011). The control and dissociative strategy 
did not affect physiological effort differently. But notably, the researchers did not examine the 
potential effect of prior exercise experience. Although highly related, differences between 
cognitive effort (i.e., difficulty or complexity of mental state) and physiological effort (i.e., HR, 
EMG) may not always be congruent or constant over time (Fridland, 2021).  
Neumann & Heng (2011) examined an isotonic single joint exercise with novice (n = 16) 
and experienced (n = 14) (i.e., 4-hours per week/past 12 months) participants. HR during the 
isotonic exercise was reduced with an intervention designed to promote an associative cognitive 
state (Neumann & Heng, 2011). RPE was not collected. Neumann & Heng (2011) recommend 
utilizing a dissociative cognitive state when training for muscle tone (i.e., muscular strength and 
endurance) because it elicits greater muscle maximization to produce more repetitions, however, 
when competing for muscular power, an associative cognitive state should be utilized because it 
will promote more efficient movements. This investigation assumed cognitive strategies would 
evoke a cognitive state, however, the cognitive requirements during this dynamic task may differ 
from an isometric task.  Similar to Neumann & Heng (2011), Feiss et al. (2020) used music as a 
strategy to facilitate cognitive state during two isometric exercises; a wall sit exercise and plank. 
Indications of cognitive state were collected every 30 seconds of each task. Data seem to suggest 
a function of time, as time accumulates, the strength of the associative cognitive state 
strengthens. However, the researchers did not find a statistically significant 3-way interaction 
between music conditions x time x trial on attention (via the Attention Scale (Tammen, 1996) for 
the wall sit and plank.  A two-way interaction was observed under the music conditions (i.e., 
fast-tempoed music; slow-tempoed music) and relative to baseline (i.e., no music) where 
participants maintained a dissociative attentional state longer with music when performing the 
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wall sit. Music did not influence HR, RPE, performance (i.e., time to volitional fatigue) and 
affect (i.e. pleasantness or arousal) (Feiss et al., 2020). Here while performing a wall sit, music 
elongated the dissociative state. A dissociative state can, in theory, distract the participant with 
environmental stimuli from bodily sensations. But, interestingly, that elongated dissociation did 
not improve the performance of a wall-sit or plank hold.  
Other tools (aside from music) are available to the exerciser. In fact, the National 
Strength and Conditioning Association stated that the mirrors can be used for coaching purposes 
(i.e., provide visual feedback), aesthetic purposes (i.e., increase the perception of room size), and 
safety purposes (i.e., increase awareness of surrounding people and equipment) (Gammage et. al, 
2001; Haff & Triplett, 2016). As a result of mirrors being readily available in many exercise 
facilities, exercisers may use this intervention as a cognitive strategy to facilitate a cognitive 
state. In theory, the mirror may enhance the exercise quality through the optimization of exercise 
form (through visual feedback) and reduce potential for injury (Dowling et al. (2012). The mirror 
may also provide external indicators of levels of difficulty (e.g., facial expressions, presence of 
or absence thereof rhythmic breathing patterns) that would be useful to both the exerciser and the 
practitioner. In limited research examining the use of a mirror, a mirror did not influence self-
efficacy during a treadmill run.  But that the influence might be gender specific as women (n = 
18) reported a statistically lower exercise self-efficacy than did men (n = 16) in the mirrored 
condition (Katula et al., 1998).  
In summary, previous literature states that music promotes a dissociative strategy, and 
this strategy allows for more resistance training repetitions to be completed (Neumann & Heng, 
2011), but does not affect time to volitional fatigue in isometric exercises (Feiss et al., 2020). 
Although the effects of music on different aspects of exercise (i.e., attention and performance) 
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have been tested on muscular endurance exercises, the feedback effects of a mirror have not been 
tested on muscular endurance exercises. Previous literature also states that feedback improves 
performance (Weakley et al., 2020), and mirrors are common-place in exercise facilities (Haff & 
Triplett, 2016). In comparison of music to a mirror, less is known about the mirror and how it 
may augment cognitive state as the visual feedback from the mirror portrays aspects of both 
associative (i.e., the reflection of the body) and dissociative (i.e., the mirror itself is outside of the 
body and task) strategies. How the mirror may augment the participant’s cognitive state during 
an isometric endurance task is also unclear. Furthermore, how the presence and utility of a mirror 
can affect time of a muscular endurance task is warranted.  
Therefore, the purpose of the current study is threefold: (1) to examine the mirror’s effect 
on cognitive state during a wall sit to volitional exhaustion, (2) to examine the mirror’s effect on 
time to volitional exhaustion, and (3) to examine the mirror’s effect on the participant’s RPE. It 
is hypothesized that with the mirror present (i.e., in a mirrored condition vs non-mirrored 
condition), the mirror will direct the exerciser to use and maintain an associative cognitive 
strategy as the mirror reflects the participant’s body image since the task is to hold the wall-sit 
position for as long as possible (body and task-related = association). In focusing on the 
reflective body image, it is also hypothesized that the participant’s perception of exertion will be 
enhanced (i.e., higher RPE scores) as is supported by Johnson & Siegel’s (1992) findings that 
focusing on an internal stimulus (i.e., associating) results in increased effort perception. We also 
hypothesize that the higher RPE scores will result in reduced muscular performance (i.e., time to 
volitional fatigue). Information from this study may lead to a better scientific understanding of 
the mirror’s use during exercise and may benefit practitioners and exercisers who employ the 





 An a priori  G*Power analysis suggested 44 participants to be included in this study. 
Participants were recruited through a verbal presentation by the researcher in undergraduate 
Health Science and Kinesiology classes at Georgia Southern University. Participants were 
included to participate only if they had been resistance training at least three times per week for 
the last month. Data was collected on 20 participants (males = 9, females = 11) who first 
completed electronic forms (Informed Consent, Self- Reporting Datasheet, Physical Activity 
Readiness Questionnaire [PAR-Q+], and COVID -19 screen [See Appendix D)]) before arriving 
at the lab on their scheduled day. The self-reporting data sheet allowed participants to report their 
age, height, weight, and previous experience with a wall sit (if they had previous experience, 
how long could they usually hold the wall sit for?). Self-reported information from the 
participants is presented in Table 1 as Means and Standard Deviations. According to the PAR-
Q+, all participants reported being free of current injury that would limit exercise and were 
classified as ready to exercise. All participants refrained from exercise for 24 hours prior to their 
testing appointment and refrained from caffeine consumption on the day of their testing. Athletic 
clothing and shoes were worn by each participant, as well as a face mask. Per the COVID-19 
screens, participants reported no current COVID-19 symptoms or recent exposure and showed 
no elevated temperature (> 100.0° F) upon arrival at the lab (COVID-19 Published Science and 
Research, 2020). All procedures were approved by Georgia Southern University’s Institutional 
Review Board (See Appendix C).  
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Table 1. Participant’s self-reported information.  
 M SD 
Age (years) 22.15  2.25 
Height (inches) 67.34 3.74 
Weight (kilograms) 76.58 18.48 
Prior experience with wall sit 
(estimated seconds) 
73.75 32.72 
Note: M = mean, SD = standard deviation. 
 
Research Design  
A random number generator determined the first participant’s condition order (odd 
number = mirrored condition first followed by non-mirrored condition; even number = non-
mirrored condition first followed by mirrored condition). The subsequent participant performed 
the opposite order, and this alternating order continued until all participant data (n = 20) had 




Once in the lab, the researcher instructed the participant on how to correctly put on the 
HR chest strap monitor (Polar) and allowed the participant to place the chest strap on themselves 
in the bathroom. The participant wore the HR monitor around their chest on their bare skin with 
the sensor placed evenly with their xiphoid process. The chest strap attached to the HR monitor 
was adjustable so that it could fit around each participant to give a secure hold. The HR monitor 
was worn by the participant during both trials, and the corresponding wristwatch was worn by 
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the researcher to reveal the participant’s HR during the trials. Once the HR monitor was secure 
on the participant and the wristwatch was secure on the researcher, the participant was seated in 
a chair with a resting back for roughly 5 minutes to allow for a resting HR to be obtained. While 
seated in the chair, resting oxygen saturation (O2 ) was measured by a pulse oximeter worn on 
the participant’s finger. After the participant cleaned their index finger/fingernail with an alcohol 
pad, they placed the pulse oximeter on their clean finger themself. The researcher monitored the 
participant’s O2 levels between exercise bouts to ensure that their facemask was not hindering 
their breathing and to improve participant safety by stopping the exercise test if levels fell too 
low (i.e., below 90%) (Valdez-Lowe et al., 2009). While exercising with a mask may limit 
performance (i.e., reduce peak capacity), short-term moderate-strenuous exercise with a mask is 
feasible, safe, and associated with only minor changes in physiological parameters (Fikenzer et 
al., 2020; Epstein et al., 2020).  
After resting levels were recorded, the researcher began a verbal explanation of the RPE 
scale (See Appendix E). The researcher showed the participant the RPE scale by placing it on the 
table for the participant to see and provided verbal examples of the different levels (i.e., 6 = this 
isn’t hard at all; 13 = this is somewhat hard, but I can keep going; 20 = I can’t hold this position 
any longer). The researcher explained that when the scale is shown to the participant during the 
exercise trials, the understood question being asked is, “How hard are you working?” to which 
the participant was to respond only with an exertion number (i.e., 6-20). To confirm the 
participant’s understanding of the scale, resting RPE was obtained.  
Familiarization 
The researcher then proved a visual and verbal demonstration of testing procedures. First, 
the researcher demonstrated the correct wall-sit position (i.e., > 90 degrees of hip flexion, < 90 
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degrees of knee flexion by handheld goniometer, palms down by the side, feet shoulder-width 
apart). The researcher then explained that the reason for the tape measure to the left of them on 
the wall and floor was to set the correct position parameters. Parameters were set on the 
participant’s left side only as this side was more visible to monitor by the researcher. The 
participant then mimicked the correct testing position themself and allowed the researcher to set 
their corresponding testing parameters. Once the participant was in the correct testing position 
(i.e., as assessed by the handheld goniometer) the researcher used painter’s tape to mark the 
participant’s position on the wall and floor to ensure replication of the correct position during 
each trial and allow for slight deviation during the trials. The distance from the wall to the 
participant’s left heel was measured via the floor measuring tape and marked accordingly with 
painter’s tape. The distance from the floor to the participant’s left most distal fingertip was 
measured via the measuring tape on the wall and marked accordingly via painter's tape. The 
distance from the floor to the top of the participant’s left shoulder was measured via the 
measuring tape on the wall and marked accordingly with painter’s tape. The researcher then 
informed the participant that they were only allowed to deviate in position as much as the width 
of the painter’s tape. For example, once the painter’s tape was placed at the most distal left 
fingertip, the participant could only lower themselves (i.e., their fingertip) down until they 
reached the bottom of the tape- approximately 1 inch. Any further deviation during the trials 
would cause the trial (time) to be terminated. This range of slight deviation (i.e., no deviation to 
approximately 1 inch) improves the external validity of the exercise protocol.  
Once the participant’s parameters were set, the researcher instructed them on how to 
perform a dynamic warm-up. The participant performed one set of 6-10 repetitions of glute 
bridges with a 1-2 second hold at the top (i.e., terminal range of motion), followed by one set of 
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6-10 sit-to-stands from the chair with a posterior pelvic tilt at the top (i.e., the stand). The 
participant was allowed to sit back in the chair after the warm-up was complete. Once seated in 
the chair, the participant’s first passive break began.  
During the break, the researcher further explained termination criteria and posttest 
instructions (ACSM, 2018). The researcher would stop the test if the participant complained of 
lightheadedness and was worried about fainting, became confused, showed a blue or pale skin 
color, complained of difficulty breathing or requested to stop. If the researcher observed no HR 
response to exercise, that would also be cause for termination. If the participant’s test was 
terminated for any of the aforementioned reasons, their data would be excluded from the study. 
No participants demonstrated termination criteria, and all recorded participant data was analyzed. 
If the participant completed the trial (i.e., remained in the wall sit position until volitional 
exhaustion) the posttest instructions were to come out of the wall sit position and go directly to 
the chair (where resting measures were taken) and sit to begin a passive break following their 
trial. While the participant was still seated, they were allowed to ask any questions regarding the 
testing procedures. Once all criteria were understood by the participant (i.e., the participant had 
no remaining questions), resting measures were recorded again. HR and O2 were recorded in 1-
minute increments until the levels were back within 5% of resting levels. HR at this time was 
recorded as “pre-trial 1 HR (passive break 1).” Upon verbal confirmation that the participant was 
ready to exercise, testing began.   
Wall Sit Trials 
When in the mirrored condition, a 13-inch by 49-inch mirror was 5.5 feet in front of the 
participant with the researcher standing behind the mirror (approximately 6 feet away from the 
participant). This distance between the participant and the mirror allowed for the participant to 
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see their entire body in the mirror.  The researcher instructed the participant to, “use the mirror to 
hold the wall sit for as long as possible.” When in the non-mirrored condition, with the 
researcher in the same position (approximately 6 feet away from the participant) only without a 
mirror, the researcher instructed the participant to, “hold the wall sit for as long as possible.” 
Once the participant was in the correct wall sit position, the researcher started the stopwatch and 
the trial began.  
Within 10 seconds from the start of the trial, the researcher recorded the participant’s HR 
via the Polar HR wristwatch and had the participant verbally state their RPE level while having 
the RPE scale visible. Once RPE had been recorded, the researcher removed the RPE scale from 
the participant’s sight until the next 10 second recording of data. HR was recorded by the 
researcher (Polar HR wristwatch) and RPE was provided by the participant every 10 seconds of 
the trial until volitional exhaustion. If the participant did not hold a > 60-second wall sit, they 
were to be excluded from the study (exclusion criteria), however, all 20 participants held each 
wall sit >60 seconds.  
After trial 1 ended (i.e., the participant reached volitional fatigue), the researcher stopped 
the stopwatch and the participant began their recovery seated in the chair. After approximately 
seven minutes of passive rest, and upon completion of the questionnaire, the researcher obtained 
the participant’s HR (via wristwatch) and O2 (via pulse oximeter) to ensure that they were near 
resting levels (i.e., <5% of resting levels). If more time was needed to get back to a resting state, 
it was permitted, along with a reassessment of HR and O2. Once back within resting levels, the 
participant’s HR at that time was classified as “pre-trial 2 HR (passive break 2)”. The researcher 
also obtained verbal confirmation from the participant that they were ready to exercise again, 
before beginning trial 2.  
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 Trial 2 followed the same procedures as trial 1 while being conducted in the opposite 
condition (mirrored condition → non-mirrored condition; non-mirrored condition → mirrored 
condition). Once trial 2 was complete (exercise bout complete, post-trial 2 questionnaire 
complete, resting levels reached), the testing was concluded. The HR obtained here was 
classified as “return to resting HR.” The researcher removed the participant’s tape markings from 
the wall and floor and transferred the handwritten testing data to a de-identified electronic data 
sheet (i.e., Google sheets) for analysis.   
Cognitive State 
During the passive breaks, the participant was presented with a post-trial questionnaire in 
which they were to indicate their cognitive state during the trial (See Appendix E). Included in 
the questionnaire were 3 questions: 1- “At the start of the trial, was your mind on:” 2- “During 
the middle portion of the trial, was your mind on” 3- “At the end, prior to stopping, was your 
mind on:” Each question had multiple answer choices: a. the task, b. the body, c. elsewhere, or d. 
no recall. Each answer choice (a, b, c, or d) also had an open-ended option to allow the 
participant to write down their specific cognition during that portion of the trial.  
Upon review of the open-ended responses, the researcher coded the responses into one of 
six categories (1 = bodily sensation, 2 = task-specific, 3 = elsewhere [non-body or task], 4 = 
body and task, 5 = elsewhere and task, 6 = body and elsewhere). A second researcher was also 
given access to all participant written responses and independently coded each response. The two 
researchers then compared the coded responses for congruency. All codes were agreed upon, and 
inter-rater reliability was established. If the participant’s response was classified as 1, 2, 4, or 6, 
that response was translated to an associative cognitive state and coded as associative = 1 during 
that portion of the trial for statistical analysis purposes. If the participant’s response was 
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classified as 3 or 5, indicating that their mind was in a dissociative cognitive state during that 
portion of the trial, that response was coded as dissociative = 2 for statistical analysis purposes.   
 
Coronavirus Disease 2019 (COVID-19) Precautions 
 Both the researcher (day of testing) and participant (24 hours prior to testing) were 
screened for COVID-19 before coming to the lab. The researcher and participant both had their 
temperature taken via a contactless thermometer upon arrival to the lab and were required to 
have a < 100℉ temperature to enter. If the participant was allowed to participate (i.e., had a 
temperature of < 100℉ temperature), they were given hand sanitizer upon their entrance into the 
lab. Throughout the entire duration of testing (i.e., 30 minutes) the researcher and the participant 
were wearing personal protective equipment (PPE) including masks and single-use gloves. The 
researcher wore the same mask and lab coat for their entire duration in the lab. If the participant 
did not bring their PPE to the lab, equipment was provided for them. Social distancing guidelines 
were maintained and interactions of < 6 feet between the researcher and participant was 
minimized. Every attempt was made to minimize close contact time with the participant. All 
surfaces that were touched by the participant were disinfected before and after each use.  
The researcher first explained the correct placement procedure of the HR (Polar) chest 
strap monitor to the participant but allowed the participant to place the strap on themselves. The 
researcher wore a corresponding wristwatch that displayed the participants HR so that 
approaching the participant during the trials or breaks was unnecessary. The researcher also 
instructed the participant to wipe down their pointer finger with an alcohol pad before placing 
the disinfected pulse oximeter clip on it. Once testing was complete, the participant removed the 
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pulse oximeter clip and chest strap and the researcher wiped them down with a CDC-approved 
disinfectant.  
The participant observed a demonstration of the correct wall sit form by the researcher 
from a six-foot distance. After the demonstration on the disinfected wall, the participant then 
mimicked the position against the wall. While in position, the researcher used the measuring 
tapes on the floor and wall to measure and set the participants' wall sit parameters. This 
familiarization trial of setting of correct wall sit parameters was the only time the researcher and 
participant were in close contact- roughly 20 seconds.  
There was approximately six feet between the participant and the researcher during the 
trials as the researcher was behind a box that held up the mirror (if in mirrored condition). The 
box was five and a half feet from the participant. The researcher remained in this position 
throughout the trials- including when showing the RPE scale and obtaining RPE levels from the 
participant and recording the participant’s heart rate via the corresponding When both trials were 
complete and the participant was exiting the lab, the researcher removed the tape markings from 
the wall and wiped down the wall and table with a CDC-approved disinfectant. Marks were 
placed on the floor to indicate six feet from the testing area to ensure interpersonal distance. 
 
Data Analysis  
All written data was converted to an electronic record (de-identified Microsoft Excel 
document) and uploaded to SPSS Version 25 (IBM, Armonk, NY) for statistical analysis. 
Parametric assumptions were checked for all data, and a priori was set at α = 0.05 for all tests, 
except the Wilcoxon Signed-Rank Tests (WSRT). Alpha was set at 0.025 for the WSRT as data 




A nonparametric 1x3 Freidman’s ANOVA was run to determine differences in cognition 
at different time points within the non-mirrored condition (n = 1 test) and within the mirrored 
condition (n = 1 test). The different time points included in these tests were “start, middle, and 
end” as each participant reported their cognition at the start, middle, and end of each trial (Feiss 
et al., 2020). For each 1x3 Freidman’s ANOVA, participant responses from the post-trial 
questionnaire were coded as categorical data and analyzed by a 1 (condition) x 3 (questions) 
Freidman’s ANOVA (condition x time). Examples of response coding can be seen in Table 2, 
while all participant responses can be found in Appendix B. A Wilcoxon Signed-Rank Test was 
then run to determine the differences in cognitions between the mirrored and non-mirrored 
condition. Alpha was adjusted during the WSRT for multiple comparisons (α = 0.025). 
Participant responses were then categorized as either associative or dissociative for the Wilcoxon 











Table 2. Post-trial questionnaire responses and coding examples. 
Participant’s Written 
Response  
Category Cognitive State 
“Quads burning” 1 1  
“Form” 2  1  
“Checking form and staying 
still” 
4  1  
“Tune out distractions & clear 
mind” 
5  1  
“Singing ABCs” 3  2  
“Trying to ignore knees 
shaking” 
6  2  
Note: Category: 1 = bodily sensation, 2 = task-specific, 3 = elsewhere (non-body or task), 4 = 
body and task, 5 = elsewhere and task, 6 = body and elsewhere. Cognitive State: 1 = associative, 




The mirror’s effect on wall sit performance (i.e., time to volitional exhaustion) between 
each condition was analyzed by a paired t-test. Data passed assumptions (i.e., no outliers; normal 
distribution) and was reported as Mean ± Standard Deviation, 95% Confidence Interval (95% 
CI), and Cohen’s d effect size (d). 
RPE 
A nonparametric 1x3 Freidman’s ANOVA was run to determine the differences in RPE 
at the different time points within the mirrored and non-mirrored conditions. A Wilcoxon 
Signed-Rank test was then run to determine the differences in RPE between the mirrored and 
non-mirrored condition. Each trial’s total time was divided by three and reported as one of three 
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epochs- start, middle, and end. The Median RPE measurement within each epoch was used for 
statistical analysis. The difference between the medians of the end and start of each condition 
was calculated (i.e., end - start), and used for analysis in the Wilcoxon Signed Rank test. Alpha 
was adjusted during the WSRT for multiple comparisons (α = 0.025). 
Non-exercising HR 
The participant’s non-exercising HR was analyzed by a 1 x 4 repeated measures 
ANOVA. Data passed parametric assumptions and was reported as Mean, Standard Deviation 
and Mean difference, 95% Confidence Interval (95% CI). HR’s analyzed in this test included 
resting HR, pre-trial 1 HR (passive break 1), pre-trial 2 HR (passive break 2) and return to 
resting HR.   
Exercising HR 
The participant’s exercising HR was analyzed by a 2x3 repeated measures ANOVA. 
Intra-Trial (n = 2 bouts) exercising HR was recorded from the polar HR monitor (researcher had 
access to the corresponding watch) in 10-sec epochs. Performance time was divided into thirds 
and each third was considered one of three epochs. The HR in each epoch was then averaged for 
a mean HR. A 2 (condition) x 3 (time epochs) repeated measures ANOVA was used to examine 
an interaction. Simple main effects (n = 2 tests) were then run to determine the interaction effect 









Cognitive State  
 A 1x3 Friedman’s ANOVA showed that cognitions were statistically significantly 
different at the different time points during the wall sit within the mirrored (χ2(2) = 19.79, p < 
.01) and within the non-mirrored condition, (χ2(2) = 12.09, p < .01). Figure 1 represents the post 
hoc analysis that revealed differences in cognitions in the mirrored condition from start (Mdn = 
2.00) to end (Mdn = 1.00) (p < .01) and middle (Mdn = 2.00) to end (Mdn = 1.00) (p < .01).  
Figure 1 also shows the non-mirrored condition post hoc analysis that revealed a difference 
between only the middle (Mdn = 2.50) and end (Mdn = 1.00) (p < .01) of the wall sit.  
 
Figure 1. Comparing the change in cognitions from the start, middle, and end of the wall sits by 
connecting the median cognition reported at each time point (♦).  
Participants were asked to recall their cognitions at three time points during each wall-sit. 
Cognitions were different at the different time points during the wall sit in both the mirrored 
(χ2(2) = 19.79, p < .01) and non-mirrored condition, (χ2(2) = 12.09, p < .01).  
Note: Asterisk indicates a statistically significant difference (p < 0.05).  
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A Wilcoxon Signed-Rank test (WSRT) was then conducted to determine the effect of 
condition (between mirror and non-mirrored) on participants' cognitions. The difference, or shift 
in cognitions (i.e., shifting from an associative cognitive state to a dissociative cognitive state, 
and vice versa), was approximately symmetrically distributed, as assessed by a histogram with a 
superimposed normal curve. Table 3 shows the cognition medians and interquartile ranges (IQR) 
for each condition as well as the between conditions comparison (WSRT). There was no 
difference in cognitions at the start of the mirrored and non-mirrored condition (p = .56), the 
middle of the mirrored and non-mirrored condition (p = .21), or end of the mirrored and non-
mirrored condition (p = 1.00).  
 












Median          IQR 
 
 
Between Conditions (WSRT) 
Start 1.00 0 1.00 0 Mdn =.000, z = -.577, p = .564 
Middle 1.00 1 1.00 1 Mdn =.000, z = -1.265, p = .206 
End 1.00 0 1.00 0 Mdn =.000, z = .000, p = 1.000 
Note: WSRT = Wilcoxon Signed-Rank test; IQR = interquartile range, Mdn = median difference; 
z = standardized test statistic; p = asymptotic significance.  
*Alpha was set at α = .025 
 
Time 
 A paired samples t-test was run to determine whether there was a mean difference 
between the time to volitional exhaustion (i.e., seconds) when holding a wall sit in a mirrored 
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condition compared to a non-mirrored condition. No outliers were detected in the data, as 
assessed by inspection of a box plot. The assumption of normality was not violated, as assessed 
by Shapiro-Wilk’s test (p = .07). Figure 2 shows that participants held the wall sit longer in the 
mirrored condition (95.27 ± 36.93 seconds) as opposed to the non-mirrored condition (86.35 ± 
41.10 seconds), a mean increase of 8.92 seconds, 95% CI [.73297, 17.10503], t(19) = 2.280, p = 
.03, d = 0.22.  
 
Figure 2. Participants total wall sit times in the mirrored and non-mirrored condition. 
When testing the difference between each participant’s mirrored and non-mirrored times, 
participants held the wall sit longer in the mirrored condition (95.27 ± 36.93) as opposed to the 
non-mirrored condition (86.35 ± 41.10), a mean increase of 8.92 seconds, 95% CI [.73297, 
17.10503], t(19) = 2.280, p = .034, d = 0.22. 
 
Rating of Perceived Exertion (RPE) 
 A 1x3 Friedman’s ANOVA revealed that RPE scores were different at the different time 
points within the mirrored condition, χ2(2) = 40.0, p < .01, and the non-mirrored condition, χ2(2) 
= 40.0, p < .01, as represented by Figure 3. Post hoc analysis revealed differences in RPE levels 
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in the mirrored condition from the start to middle (p < .01), middle to end (p < .01), and start to 
end (p < .01) of the participants' wall sits. Post hoc analysis also revealed differences in RPE 
levels in the non-mirrored condition from the start to middle (p < .01), middle to end (p < .01), 
and start to end (p < .01) of the participants' wall sits. 
 
Figure 3. Participant’s median RPE scores at each time point in each condition.  
A 1x3 Friedman’s ANOVA revealed that RPE scores were different at the different time points 
within the mirrored condition, χ2(2) = 40.0, p < .01, and the non-mirrored condition, χ2(2) = 40.0, 
p < .01 
Note: RPE = rating of perceived exertion. 
 
A Wilcoxon Signed-Rank test was then conducted to determine the effect of condition 
(between mirror and non-mirrored) on participants' RPE. The difference scores were 
approximately symmetrically distributed, as assessed by a histogram with a superimposed 
normal curve. There was no increase in the difference between RPE’s from the start to the end 
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(Mdn = .000) when participants were in the mirrored condition (Mdn = 7.00) compared to the 
non-mirrored condition (Mdn = 7.00), z = .150, p= .881. 
Non- Exercising Heart Rate (HR) 
 A one-way repeated measures ANOVA was conducted to determine whether there were 
differences in HR over the course of each participant’s trials to reduce an order effect (resting, 
pre-trial 1, pre-trial 2, and returning to rest). There were no outliers, and the data was normally 
distributed, as assessed by boxplot and Shapiro-Wilk test (p > .05), respectively. The assumption 
of sphericity was violated, as assessed by Mauchly's test of sphericity, χ2(2) = 1.78, p = .88. 
Therefore, a Greenhouse-Geisser correction was applied (ε = 0.933). The exercise intervention 
elicited changes in HR over time, F(3, 57) = 10.60, p < .01, partial η2 = 0.358. Table 4 shows 
means ± standard deviations of HRs at each time point. Table 5 shows a post hoc analysis with a 
Bonferroni adjustment. Non-exercising HR increased from rest to pre-trial 2 (p < .01), rest to 
return to rest (p < .01), pre-trial 1 to pre-trial 2 (p = .04) and pre-trial 1 to return to rest (p <.01), 
but not from rest to pre-trial 1 (p = 1.00).  
 
Table 4. Participant’s non-exercising HRs. 
Rest  Pre-trial 1  Pre-trial 2  Return to Rest 
73.40 ± 9.74 bpm 74.95 ± 9.47 bpm 74.95 ± 9.23 bpm 75.15 ± 9.48 bpm 











Table 5. Post hoc analysis of non-exercising HRs.  
Bonferroni  Mean Increase 95% CI P Value  
Rest → Pre-trial 1 0.40 bpm [-1.46, -.66] p = 1.00 
Rest → Pre-trial 2 1.56 bpm [-2.79, -.31] p < .01* 
Rest → Return to Rest 1.78 bpm [-2.90, -.60] p < .01* 
Pre-trial 1→ Pre-trial 2 1.15 bpm [-2.27, -.35] p = .04 * 
Pre-trial 1→ Return to Rest  1.35 bpm [-2.38, -.32] p < .01* 
Note: HR = heart rate; bpm = beats per minute; CI = confidence interval. 
*Asterisk indicates statistically significant difference (p < .05).  
 
Exercising Heart Rate (HR) 
 A two-way repeated measures ANOVA was run to determine the effect of different 
conditions over time on exercising HR. Analysis of the studentized residuals showed that there 
was normality, as assessed by the Shapiro-Wilk test of normality and no outliers, as assessed by 
no studentized residuals greater than ± 3 standard deviations. Mauchly's test of sphericity 
indicated that the assumption of sphericity had been violated for the two-way interaction, χ2(2) = 
38.47, p < .001. There was a two-way interaction between condition and time, F(1.063, 20.191) 
= 203.362 , p < .01, ε = .531. Table 6 shows mean ± standard deviation of HRs at each time 
point. Table 7 shows the effects of condition on HR. The effects of time on HR are shown in 
Figure 8. When testing the simple main effects of condition, exercising HR was different from 
the start to the middle of both conditions (p < .01), and the start to the end of both conditions (p < 
.01). Exercising HR was also different from the middle to the end of both conditions (p < .01). 
When testing the simple main effects of time, however, HR did not differ between the mirrored 
and non-mirrored condition at any time point.  
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Table 6. Participants exercising HRs during each trial.  
Time point Mirrored Non-mirrored 
Start 108.20 ± 16.55 bpm 105.80 ± 15.36 bpm 
Middle 121.70 ± 16.64 bpm 119.75 ± 16.07 bpm 
End 130.70 ± 18.52 bpm 130.15 ± 17.21 bpm 
Note: HR = heart rate; bpm = beats per minute. Data is reported as mean ± standard deviation.  
 
 
Table 7. Effects of condition on participant’s exercising HRs.  
Simple Main Effect Mean Difference 95% CI P Value 
Start → Middle  13.50 bpm [-17.57, -9.43] p < .01 * 
 Start → End  22.50 bpm [-28.17, -16.83] p < .01 * 
Middle → End  9.00 bpm [-11.83, -6.18] p < .01 * 
Note: HR = heart rate; bpm = beats per minute; CI = confidence interval. 
*Asterisk indicates statistically significant difference (p < .05).   
 
 
Table 8. Effects of time on participant’s exercising HRs.  
Simple Main Effect Mean Difference 95% CI P Value  
Start 2.40 bpm [-1.92, 6.72] p = .26 
Middle 1.95 bpm [-2.37, 6.27] p = .36 
End .550 bpm [-3.39, 4.49] p = .77 







 The present study tested the effect of a mirror on cognitive strategy and performance 
during a wall sit. Findings indicated that participants performed better (i.e., held the wall sit 
longer via seconds until volitional exhaustion) in the mirrored condition than in the non-mirrored 
condition. This is consistent with previous literature that found visual kinematic feedback to be a 
performance enhancer as the mirror provided visual feedback to the participants during the 
mirrored wall sit trial (Weakley et al., 2020). With instructions of, “using the mirror, hold the 
wall sit for as long as possible,” participants in the current study often reported in their post-trial 
questionnaires that they used the mirror to “check form” as they remained in the correct 90/90 
wall sit position until they reached volitional exhaustion. By having the mirror present (mirrored 
condition = mirror in front of them) participants were able to see the reflection of themselves and 
their position on the wall (i.e., painter’s tape parameters), as compared to participants in the 
Weakley et al. (2020) study that were able to see their mean concentric barbell velocity on an 
iPad. The mean concentric barbell velocity shown on the iPad (Weakely et al., 2020) was 
quantitative feedback. Participants in the current study were provided visual feedback of their 
position and performance to provide them with knowledge of performance and knowledge of 
results. Knowledge of performance refers to the quality of the movement (i.e., form) whereas 
knowledge of results refers to the success of the task (i.e., holding the position for as long as 
possible). Both the position on the wall during the wall sit (current study) and the barbell 
velocity during the squat (Weakley et al., 2020) are kinematic features of each exercise. Thus, 
the mirror and the iPad both provided visual kinematic feedback and both improved 
performance- longer held wall sit and greater barbell velocity during the squat.  
 30 
 By directing the participants to use the mirror, the current study demonstrated how the 
participants used the mirror to their advantage (a longer held wall sit) during their exercise. 
Katula et al. (1998) tested the effects of a mirrored condition on self-efficacy through pre-trial 
self-efficacy questionnaires, however they only tested the presence of the mirror (before 
exercise) as opposed to the use of the mirror (during exercise). This study piloted the need for a 
post-trial feedback measurement tool- the post-trial questionnaire used in the current study. 
Katula et al. (1998) asked the participants how they felt prior to exercise through a pre-trial 
questionnaire. The questionnaire only asked how the participants perceived they would feel 
during their performance. In contrast, the current study asked the participants where their mind 
was during the exercise via the post-trial questionnaires. The post-trial questionnaires allowed 
the participants to relay exactly what they were thinking about during their performance- a more 
accurate assessment of the mirror's effect on performance. Had the participants not been directed 
to use the mirror in the current study, an additional post-trial question would have had to be 
presented- “Did you use the mirror? If so, how?” That would make the current study congruent 
with Katula et al., (1998) in testing the effect of the presence of the mirror. However, by asking 
the participants to “use the mirror to hold the wall sit as long as you can,” the current study was 
able to demonstrate how exactly the participants used the mirror. 
 Feiss et al. (2020) also examined how attention changed throughout an exercise by 
having participants report their attention via an Attention Scale (AS; Tammen, 1996) every 30 
seconds during a wall sit and plank. This study found no significant difference in the condition 
(fast-tempo music, slow-tempo music, no music) x time (first third, second third, third third) 
interaction during the plank or wall sit. Perhaps the collection of attention every 30 seconds 
during the trials is what resulted in a lack of change in attention as participants were prompted to 
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be thinking of their attention report throughout the trial. In having to report an attention number 
(i.e., on a scale of 1-10) every 30 seconds, it is likely that the participant’s mind remained on the 
same thing (number) due to their mind being directed to the AS every so often. To account for 
this, the current study asked for the participant’s attention in a retrospective manner (i.e., post-
trial questionnaire) to avoid the possibility of influencing their mindset during each trial. A 
single-item post-trial questionnaire has been deemed valid and effective in its reliability 
immediately following exercise (Masters & Ogles, 1998).  
 When testing for condition (fast-tempo music, slow-tempo music, no music) x trial 
(baseline, experimental), Feiss et al. (2020) found a significant difference in attention during the 
wall sits. Participants in both music conditions became more dissociative during the wall sit 
while participants in the no music condition became more associative. The music acted as an 
external stimulus to distract the participants minds away from the wall sit while having no music 
allowed the feelings and sensations of the wall sit to fill the participants minds. These findings 
can be compared to those of the current study that found the mirror to prompt participants to an 
associative state through its visual feedback of the wall sit. Having the mirror in front of them 
(mirrored condition) allowed the participants to keep their mind on the wall sit and not distract 
themselves, as was seen with participants in the Feiss et al. (2020) study who were distracted by 
music. It seems as though a lack of music and mirror are both strategies to facilitate an 
associative cognitive strategy.  
Through using the mirror for visual feedback, the mirrored condition directed the 
participants to use an associative cognitive strategy, and they maintained this strategy from the 
start to the end of the wall sit. Using an associative cognitive strategy allowed the participants to 
hold the wall sit longer in the mirrored condition, as compared to the shift towards a dissociative 
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cognitive strategy in the non-mirrored condition. This study’s findings agree with Dyrlund & 
Wininger (2008) that found that participants reported higher levels of association when in a 
higher intensity exercise, according to RPE levels. Participants in the current study reported a 
linear increase in RPE as a function of time (i.e., as time accumulated, RPE got higher with the 
highest RPE being at volitional fatigue) and reported being in an associative state when they 
reached volitional exhaustion in both conditions.  
In contrast, the findings from both the current study and Dyrlund & Wininger’s (2008) 
study disagree with Neumann & Heng’s (2011) findings that when in an associative state during 
a muscular endurance and strength task, less physical effort was reported (i.e., lower HR) as 
participants showed no difference in HR or RPE between conditions (mirror = associative; non-
mirror = dissociative). Feiss et al. (2020) also found no significant differences in HR and RPE 
between conditions (fast-tempo music; slow-tempo music; control). These findings show that 
neither condition/state (associative/no music; dissociative/music[s]) affected HR or RPE, as is 
consistent with the current study. Being that both the current study and Feiss et al. (2020) tested 
isometric endurance tasks with instructions to, “hold the position as long as possible,” neither 
HR nor RPE were affected by condition. These findings show that the participants used the same 
amount of effort in both conditions, in both studies, as they went to volitional exhaustion in each 
trial. While Feiss et al. (2020) collected RPE every 30 seconds, they collected HR only every 10 
seconds. The current study collected both RPE and HR every 10 seconds to record more data 
points (RPE data points = HR data points) and to account for participants who might have held 
the wall sit for only 30 seconds as the inclusion criteria was to hold the wall sit for <30 seconds. 
Each participant’s total time was divided into thirds and calculated for a median (RPE) or mean 
(HR) value to assess changes throughout each exercise in both studies.  
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 While physical efforts of HR and RPE did not differ between conditions, time to 
volitional exhaustion did differ as the mirrored condition resulted in a longer held wall sit by 
directing the participants to utilize an associative cognitive strategy. An associative strategy can 
be broken down into an internal attentional focus and an external attentional focus. Previous 
literature defines an external attentional focus as relating to the movement effect (task-specific) 
and internal attentional focus as relating to the body movements (bodily sensory) (Wulf, 2013). 
When the current participants were thinking of their goal (i.e., time) or performance (i.e., form) 
they were utilizing an external attentional focus. In the mirrored condition, participants started 
the trial with task-specific thoughts (external focus) and maintained those thoughts through the 
middle of their trial before shifting to an internal attentional focus (i.e., body) at the end. This 
maintenance of an external attentional focus for the majority of the wall sit led to a longer held 
time, as is consistent with previous literature that states that an external attentional focus can be 
advantageous over an internal attentional focus (Wulf, 2013).  
 As with any study, the current study was not without its strengths and limitations. The 
underpowered participation of only 20 exercisers can classify this study as a pilot study. 
However, although utilizing a small sample size, the homogeneity of the participants (age = 
22.15 ± 2.25 years; males = 9, females = 11) can be seen as a strength as this study accurately 
shows the effects of the mirror on cognitive strategy and performance in college-aged students. 
Future studies should examine the mirror’s effects on adolescent or geriatric populations. Future 
studies may also examine the mirror’s effect during exercise on gender. Katula et al. (1998) 
found that when in a self-evaluative condition (i.e., mirrored condition), predicting self-efficacy 
involved a complex relationship among physical, behavioral, and cognitive factors such as 
physical activity history, fitness variables, and gender. Authors speculate that the women in this 
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study found the mirrored condition to reduce their self-efficacy due to their personal levels of 
fitness being lower than the men’s. However, the women’s reduction in self-efficacy was 
reported by questionnaires completed before their exercise, so the effect the mirror had on the 
men and women during exercise was unclear and warrants the need for future studies to examine 
this effect.  
Another limitation in this study was that of the participants’ subjective volitional 
exhaustion. While instructions were to hold each wall sit as long as possible (with and without 
the mirror), some participants might have thought to have reached their volitional exhaustion too 
soon. Through post-trial conversations, some participants stated that they “could’ve gone 
longer.” Future studies can test objective volitional exhaustion with EMG during the muscular 
endurance tasks. Future studies may also test other repetitive tasks like muscular strength and 
power exercises. The mirror’s effect on anthropometric data (i.e., gender and BMI) can also be 
examined. Since self-efficacy is a determinant in exercise participation, it is very possible that 
more evaluative environments (i.e., mirrored environments) reduce efficacy and increase the 
potential for nonadherence in participants with physique anxiety (Katula et al., 1998). When in a 
self-evaluative condition (i.e., mirrored condition), predicting self-efficacy involves a complex 
relationship among physical, behavioral, and cognitive factors such as physical activity history, 
fitness variables, and gender (Katula et al., 1998). Authors speculate that the women in this study 
found the mirrored condition to reduce their self-efficacy due to their personal levels of fitness 
being lower than the men’s’. This study provides an opening for the connection between exercise 






 In conclusion, the mirrored condition resulted in a longer-held wall sit by directing the 
participants to maintain an associative cognitive state throughout the wall sit. Exercising HR and 
RPE both increased linearly through each condition, as is expected with prolonged exercise. The 
current study indicates that using a mirror improves performance (time) during an isometric 
muscular endurance tasks when the participant uses an associative cognitive strategy throughout 
the task. This study provides evidence to exercisers and clinicians alike that the mirror does 
affect both cognition and performance. It is encouraged for clinicians and exercises to utilize a 
mirrored environment when performing a muscular endurance task. By using the mirror to assess 
the movement effect (i.e., position on the wall during a wall sit) and the body movement (i.e., 
legs shaking) the mind will remain on the task and allow the participant to perform at the best of 
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LITERATURE REVIEW  
Understanding how humans control their movements and learn movement skills is known 
as the broad field that is motor behavior (Fairbrother, 2010). The observation of motor 
performance dates back to the Greek myth of Arachne and Greek Goddess Athena. In a 
competition of weaving, Athena’s skills outdid those of Athena’s which provoked the Greek 
Goddess to turn Arachne into a spider. Thus, spiders are called arachnids because of their web 
weaving abilities. Arachne’s weaving skills first gained her notice amongst her people (i.e., 
motor performance), but it was the act of Athena turning Arachne into a spider that linked skilled 
motor behavior to ways of understanding human behavior in the natural world (Fairbrother, 
2010).  
The broad field of motor behavior can be broken down into motor control, motor 
learning, and motor development. Motor control involves the neurological and biomechanical 
aspects of movement while motor learning is more so the internal processes that occur during 
skill acquisition that produce relatively permanent adaptations and improvements to the 
production of movement (Fairbrother, 2010). Motor development, however, can be seen with 
Arachne’s weaving skills as her skills likely progressed with age. She might have tried her hand 
at weaving as a young child, but as she gained knowledge in what she was doing and her 
outcomes became more satisfactory, her motor learning led to better motor control and thus 
contributed to her motor development throughout the years.  
When learning new skills, it is important to note the type of skill being performed- a 
closed or open skill. In a predictable setting, skills are classified as closed (i.e., weaving), 
whereas open skills occur in an unpredictable setting (Poulton, 1957). Furthermore, the duration 
 42 
of the skill should be noted. Discrete skills have a distinct beginning and end while continuous 
skills do not have an identifiable beginning and end. Differences in doing a leg press and holding 
a wall sit are examples of discrete and continuous skills, respectively. Serial skills, such as those 
of playing a video game with a joystick, fall between discrete and continuous as serial skills 
consist of back-to-back discrete skills (Fairbrother, 2010). Controlling these different movements 
requires sensory information from various parts of the human body.  
Vision is often the primary source of sensory information used when performing a task, 
such as that of bicycling, as the cyclist uses vision to remain on the path. While cycling on the 
path, the cyclist also uses balance to remain upright and hearing to detect any oncoming 
obstacles (i.e., another person cycling behind/towards you, a car coming, etc.). The sense of 
touch can be crucial when the task involves objects of different shapes, sizes, and weights. 
Bartenders tend to have their own specific well set up so that they can quickly grab the right 
drinks needed at the time. The shapes of the different bottles and the amount of liquid in the 
bottle (i.e., the weight) make it easy to decipher which liquid is which. Bartenders also use a 
sense of proprioception, or their sense of their limb positions, to know where a specific bottle 
might be located. For example, if the bartender needs cranberry juice and knows that the bottle is 
thick and round and is always on the bottom right shelf, the bartender might reach down to said 
shelf and feel around until she finds the thick, round bottle while maintaining a conversation with 
the customer. In pouring the cranberry juice, the bartender might use the kinesthesis sense to 
“feel” how long it takes to pour a certain number of ounces rather than measuring the ounces out. 
When utilized together, vision, hearing, touch, and proprioception sensory integrations can be 
indicative of mastering a task.  
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The way we learn how to perform these tasks is through developing a relationship 
between the movement patterns themselves and the goal, setting, and motor program of the 
movement, known as the Schema theory (Schmidt, 1975). Learning styles include observation, 
trial and error, and mental practice and imagery. While observation requires another person to be 
present (i.e., coach, trainer, another exerciser), trial and error, mental practice and imagery can 
be done by the exerciser themself. Mental practice is the act of mentally rehearsing the process 
of completing a skill whereas mental imagery goes a step farther to recreate what it feels like to 
complete the skill (Faribrother, 2010). Once the mental aspect of the skill is acquired, that can 
translate then into the physical effort aspect of skill acquisition- trial and error. Through each of 
these visual, mental, and physical components of learning a new skill, feedback is provided that 
allows the learner to know the progress of their movement.  
There are two types of feedback. Inherent feedback is made available when engaging in a 
task or skill such as seeing the basketball going in the net after a free throw (Fairbrother, 2010). 
The free throw shooter is able to see the ball go in the net as it happens, making this real-time 
inherent feedback. On the other hand, augmented feedback comes when the outcome is not 
readily available. If the free throw shooter is immediately boxed out after the shot (i.e., blocked 
from catching the rebound), they might not be able to see whether the ball goes through the net 
or not. However, if the crowd begins to cheer, that lets the shooter know that the shot was made. 
Feedback often comes from instructors, coaches, or other performers in the form of recognition 
or corrective measures but can also be captured by the use of video cameras or mirrors to provide 
the performer feedback directly when the exerciser is alone.  
Feedback may also come in the visual or auditory form. When observing the differences 
between verbal kinematic feedback, visual kinematic feedback, and verbal encouragement, male 
 44 
rugby players showed improvements in squat barbell velocity with an inverse relationship with 
conscientiousness during all three forms of feedback (verbal kinematic, visual kinematic, and 
verbal encouragement) (Weakley et al., 2020). Before beginning the trials, the participants 
completed a 5-Factor Personality Inventory questionnaire to assess conscientiousness (i.e., 
behavior that is “responsible, dependable, persistent, and achievement-oriented”) (Barrick et al., 
1993; Rammstedt & John, 2007). Twelve male rugby players then performed 10 repetitions of 
75% of their 3RM back squat under all three conditions, plus a controlled condition with no 
feedback. While an iPad recorded mean concentric barbell velocity during the squats, the 
researcher verbally stated the velocity to the participant during the verbal kinematic feedback 
condition, and the participant was able to see the velocity on the iPad themselves during the 
visual kinematic feedback condition. The iPad was still recording mean concentric barbell 
velocity during the verbal encouragement condition; however the participant was not aware of 
the velocity at all during that trial. Instead, the verbal encouragement condition consisted of the 
researcher using statements including, but not limited to, “Way to go!”, “Good job!”, and “Come 
on!” (Weakley et al., 2020). The controlled condition provided no feedback or encouragement at 
all.  
Each interactive condition (all except the control) showed moderate improvements in 
barbell concentric velocity (Weakley et al., 2020). That is, when feedback was provided to the 
participant, their barbell velocity during the squats increased. This study also found that the 
relationship between conscientiousness and barbell velocity are inverse; as barbell velocity 
increases, conscientiousness decreases. When in the augmented kinematic feedback condition, 
the participant’s conscientiousness levels showed small (verbal kinematic feedback, r  = 0.24) 
and moderate (visual kinematic feedback, r = -0.44) inverse relationships with the velocity of the 
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barbell, and a large inverse relationship in the verbal encouragement condition (r = -0.52) 
(Weakley et al., 2020). While the reporting of the barbell velocity values (whether visually or 
verbally) allowed the participant to keep their mind on the squat movement (i.e., an associative 
state), the encouraging phrases used by the researcher (“Way to go!” and “Good job!” and 
“Come on!”) weren’t task-specific, so they were dissociative phrases (Lind et al., 2009). This 
allowed the participant to keep their mind off of the velocity of the squat and resulted in an 
increased barbell velocity. This large inverse relationship between barbell velocity and 
conscientiousness during the verbal encouragement condition (Weakley et al., 2020) was 
consistent with previous literature that states that using positive dissociative statements as 
encouragement can improve performance (Andreacci et al., 2002). 
 Weakley et al. (2020) concluded that practitioners should provide feedback when 
athletes are training to improve their performance. The researchers in this study further state that 
having an automated process that records and delivers kinematic feedback to the participant (i.e., 
an iPad) can promote kinematic outcomes (Weakley et al., 2020). While video cameras, such as 
an iPad, are usually brought into the exercise facilities by the trainer/researcher or exerciser 
themselves, mirrors are another tool that can be used for feedback that are commonly available 
inside the facilities.  
Mirrors are often employed in physical therapy clinics to provide patients with visual 
feedback as the illusion of a functioning movement is provided through the reflective nature of 
the mirror during mirrored treatment (Rosén & Lundborg, 2005). Visual feedback can aid 
rehabilitative procedures by providing knowledge of results (i.e., a successful or unsuccessful 
result of a goal-driven task) or knowledge of performance (i.e. the quality of movement) to the 
patient. A full-length mirror on wheels (i.e., mobile mirror) placed in front of a stroke patient’s 
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exercise station can provide visual satisfaction to the patient when they complete the task of 
picking a golf ball up off the table and placing it on a tee with their affected hand. This 
satisfaction of completing the task is an example of knowledge of results. If the patient sees that 
they are having difficulty gripping the golf ball with their thumb and index finger (via the 
mirror’s reflection), they might try to use their thumb and middle finger to pick the golf ball up 
and successfully place it on the tee. This knowledge of the performance of differing technique 
styles can also contribute to the knowledge of results by figuring out the most effective way to 
complete the task. The visual feedback from the mirror can help shape the practice and treatment 
and ultimately how it is instructed by the clinician as the clinician can step back and allow the 
patient to evaluate their own performance.  
As opposed to mobile mirrors, fixed mirrors (i.e., mirrored walls) are common in exercise 
facilities, and recommendations are even provided to consider when designing an exercise 
facility.  Kroll (1991) states that mirrored walls should be at least six inches away from all 
equipment and a minimum of 20 inches above the floor to avoid a weight plate (18 inches in 
diameter) rolling, bouncing, or sliding into the bottom of the mirror and shattering the glass to 
pieces. The mirrors should also be securely fixed to the wall, inspected frequently for cracks 
(replaced if damaged), and cleaned of smudges regularly (Haff & Triplett, 2016). The National 
Strength and Conditioning Association (NSCA) states that the mirrors in exercise facilities can 
be used for coaching purposes (i.e., provide visual feedback), aesthetic purposes (i.e., increase 
the perception of room size), and safety purposes (i.e., increase awareness of surrounding people 
and equipment) (Haff & Triplett, 2016).  
Gammage et al. (2001) states more on the emphasis of using the mirrors in exercise 
facilities for coaching purposes to monitor exercise form. The optimization of exercise form can 
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enhance the quality of the exercise stress. This is, in part, to help reduce injury risk by providing 
visual feedback through knowledge of performance and results. The mirror may also provide 
external indicators of difficulty (e.g., facial expressions, presence of or absence thereof rhythmic 
breathing patterns) that would be useful to both the exerciser and the coach as exercises might 
need to be regressed or modified. These external indicators can also relate to the exerciser’s 
satisfaction of the exercise to indicate the efficiency of their performance.  
When in the presence of a mirror, participants in one study found that the mirror affected 
their self-efficacy (Katula et al., 1998). Self-efficacy reflects confidence in the ability to exert 
control over one's motivation, behavior, and social environment (Bandura, 1997). By having 
participants run on a treadmill in a laboratory setting, in a natural environment setting of their 
choice, and a laboratory setting with a full-length mirror in front of them, researchers were able 
to see the influence the mirror had on the participants’ satisfaction of themselves and their 
performance while running. Undergraduate students completed a series of questionnaires before 
exercising in each condition to reflect how comfortable and confident they were to be exercising 
and reported Rating of Perceived Exertion (RPE) check-ins every four minutes during each 
condition (laboratory setting, environmental setting, and laboratory setting with mirror). This 
study evaluated simply the effect that the presence of the mirror, or lack thereof, had on the 
participant’s self-efficacy.  
Katula et al. (1998) assessed the participant’s exercise self-efficacy with a 6-item 
questionnaire that allowed the participants to rate their confidence in their ability to exercise 
(run) at a moderate to hard intensity at increased increments of time (i.e., 10 minutes, 20 
minutes, 30 minutes. . . 60 minutes). Another assessment, the Physical Self-Efficacy (PSE) scale, 
consisted of 22 items that assessed the participant's physical competence on a scale of 0% to 
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100% in increments of 10 (Ryckman et al., 1982). Two sub-scales made up the PSE: Perceptions 
of Physical Ability (PPA), including statements such as, “My physique is rather strong” and “I 
have excellent reflexes,” and Physical Self-Presentation Confidence (PSPC) which consisted of 
items like “I have physical defects that sometimes bother me” and “People think negative things 
about me because of my bad posture.” The two subscales were summed for a composite score, 
with higher scores reflecting a higher perception of PSE. The final assessment, the Social 
Physique Anxiety Scale (SPAS), allowed participants to rate 9 items on a scale of 1 (not at all) to 
5 (extremely) the degree to which each item was true of the anxiety they experienced as a 
function of other people’s evaluation of their physique during exercise (Martin et al., 1997). 
This study found that the presence of the mirror did influence self-efficacy, but that the 
influence might have been gender specific. The women (n = 18) reported a statistically lower 
exercise self-efficacy than did the men (n = 16) in the mirrored condition (Katula et al., 1998). It 
is possible that the men’s higher rating of self-efficacy could have resulted from using the mirror 
as an extrinsic motivation source (i.e., to monitor form, performance, and progress) whereas the 
women might have used the mirror for more intrinsic motivation, however, the study did not 
collect data on motivation sources. The mirrored condition also showed that PPA and physique 
anxiety were significant predictors of self-efficacy. This potentially shows that the mirror 
influenced the women’s focus to perceptions of their physique anxiety, thus leading to the 
reduction in self-efficacy (Katula et al., 1998). Since self-efficacy was found to be a determinant 
in exercise participation (Katula et al., 1998), it is very possible that more evaluative 
environments (i.e., mirrored environments) reduce efficacy and thus increase the potential for 
nonadherence in participants with physique anxiety (Katula et al., 1998). This study shows that 
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the presence of the mirror itself has an effect on exercise efficacy but does not relate how the 
mirror may affect exercise performance.  
To test the real-time influence of a mirror during exercise, Chmelo et al. (2009) had 
participants complete the same scheme of exercises in a familiarization session followed by both 
a mirrored and non-mirrored environment and monitored their effect in each environment (via 
questionnaires) (Chmelo et al., 2009). This study used a retrospective analysis of the presence of 
the mirror as opposed to the pre-assessment that was done with the treadmill runners (Katula et 
al., 1998). Thirty-two regularly active females completed a 10-repetition maximum (10RM) for 
seven resistance exercises (i.e., chest press, rows, squats, lateral raises, bicep curls, tricep 
extensions, and deadlifts plus abdominal crunches on a stability ball until failure) during a 
familiarization session and were then randomly assigned to either a mirrored or non-mirrored 
condition for session two (Chmelo et al., 2009). Session three was completed in the 
counterbalanced condition. Each trial included the same order of exercises and 10RM weight of 
the exercises. The affect questionnaires [1- Feeling Scale (FS) that measured affective response 
during exercise, 2- Felt Arousal Scale (FAS) that assessed perceived muscle activation, and 3- 
Activation Deactivation Adjective Check List (AD ACL) that measured Energetic Arousal (EA) 
versus Tense Arousal (TA)] were completed before the start of the chest presses, after the lateral 
raises, immediately after abdominal crunches, and 15 minutes after the abdominal crunches to 
reflect a beginning, middle, end, and post-assessment (Chmelo et al., 2009).  
The mirrored condition did not affect the participants' affective responses as both exercise 
conditions (mirrored and non-mirrored) presented a rise in pleasantness and activation as seen by 
the FS, FAS, EA, and TA during and immediately after exercising (Chmelo et al., 2009). These 
results may be due to the participants using the mirror as an external focus (i.e., observing the 
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environment) as opposed to observing themselves perform the exercises in the mirror (i.e., 
internal focus). By doing so, the participants in this study (Chmelo et al., 2009) might not have 
experienced the negative effects of self-evaluation as has been shown in previous research, such 
as Katula et al. (1998). However, the directed use of the mirror (i.e., where the exerciser directed 
their attention) was not examined in this study, so the exerciser’s experience is only speculated. 
Since Chmelo et al. (2009) did not account for what the participants attenuated their 
focus to while using the mirror, it is not clear what the mirror’s effect was on the participant’s 
cognitive strategy during the exercise. Attentional capacity is related to the amount of 
information that can be attended to at any given time while attentional focus is a characteristic of 
attentional capacity that allows for the direction of attention to specific sources of information 
(Fairbrother, 2010), neither of which were tested by Chmelo et al. (2009). The potential internal 
and external focal possibilities of the weight training study (Chmelo et al., 2009) are components 
of two other categories- narrow and broad (Fairbrother, 2010).  
A broad focus might have been the participant evaluating other exercisers in the gym in 
the mirror. If the participant was monitoring themselves performing the resistance exercise, 
however, that would be a narrow focus. In combining these aspects, if the participants were to 
direct their attention to the sensations of their muscles, they were employing a narrow-internal 
focus as opposed to a narrow-external focus where the exerciser was focusing on pushing the 
weight away from them. In focusing their attention away from their body, a broad-internal focus 
might include watching the movement be completed in the mirror versus watching the 
practitioner’s face for recognition while completing the exercise (broad-external).  
The difference between broad and narrow attention can be compared to that of associated 
and dissociated attention. Association occurs when the exerciser’s cognitive focus is directed on 
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their body or task while dissociation occurs when the exerciser’s cognitive focus is directed 
outward towards environmental stimuli (i.e., outside of the body and non-task specific) (Lind, et 
al., 2009). To test specifically for attention during resistance training exercises, an auditory 
stimulus (tone) has been shown to lower heart rate (HR), electromyography (EMG), and 
integrated electromyography (iEMG) levels when utilizing the tone as an associative cognitive 
strategy in comparison to using music as a dissociative cognitive strategy (Neumann & Heng, 
2011). 
Weightlifters (novice= 16, experienced=14) from Griffith University wore EMG 
electrodes on their biceps and triceps with an electrogoniometer on their elbows during a one-
repetition maximum (1RM) bicep curl test, and during subsequent tests of 6 repetitions of 30% 
and 70% of the 1RM weight (Neumann & Heng, 2011). In a randomized, then counterbalanced 
order, participants underwent three conditions. When in the control condition, participants were 
reminded of baseline procedures and asked to repeat them. Dissociative conditions instructions 
included the participants attending their mind to the song playing through the speakers and count 
the number of times the word “rhythm” was heard during the set. The associative condition 
involved the EMG magnitude from the participant’s biceps producing an auditory tone, and 
participants were instructed to report at what repetition the tone of the EMG was the loudest. 
Two trials were performed under each of the three conditions, once with the 30% 1RM weight, 
and once with the 70% 1RM weight (Neumann & Heng, 2011).  
To check for manipulation, during their rest periods, Neumann & Heng (2011) had the 
participants complete a questionnaire rating their level of exertion and level of satisfaction while 
completing the task. These questionnaires were given on a 7-point scale and ranged from very 
low (1), moderate (4), to very high (7). Two additional questions of “Did you execute the task as 
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you normally would?” and “Did you try your best to follow the instructions provided to measure 
execution was typical of their normal way of exercising and adherence to the instructions?” were 
asked and were to be completed with the 7-point scale as well.  
Using the song to report which repetition reflected the loudest tone (associative strategy) 
promoted less physiological effort when doing bicep curls, as was demonstrated by lower HR, 
EMG, and iEMG scores (Neumann & Heng, 2011). Differences in the non-associative conditions 
(dissociative and control) were negligible and the levels of exertion and satisfaction were not 
altered by the presence of the song (Neumann & Heng, 2011). This study correlates an 
associative strategy with a reduction in physiological performance during resistance training 
exercises.  
Resistance training exercises involve a set number of repetitions and are classified as 
discrete exercises. Discrete exercises, as previously discussed, may require an associative 
cognitive state (Neumann & Heng, 2011). This need may be multiplied when the exerciser is 
unaccustomed to the task. A continuous exercise, on the other hand, does not have a set start and 
end, such as that of a discrete exercise (Fairbrother, 2010). An active hold of position (i.e., 
isometric) for time is an example of a continuous exercise. The active isometric hold requires a 
coordinated and sustained muscle contraction where the body is not moving (e.g., the joints hold 
their position). Isometric holds are physiologically and psychologically challenging because the 
exerciser is tested on how long they can maintain body position. Sustained muscle contraction 
may also produce discomfort and therefore modulate cognitive states. Under these circumstances 
(i.e., plank, wall-sit), the exercise experience is void of environmental change or distraction. 
Thus, the need for a dissociated cognitive state is unnecessary, but the physiological 
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consequences of exercise (i.e., fuel break-down, peripheral acidosis, and the resultant pain 
signal- associative state) are still present.  
Feiss et al. (2020) tested strength performance on isometric wall-sits and plank holds 
while either fast-tempo, slow-tempo, or no music played to determine the music tempo’s effect 
on strength performance. Sixty-three young adults completed baseline tests of holding a wall-sit 
followed by a plank for as long as possible with a 2-minute break in between. After the plank 
hold, a 5-minute break was given before performing the experimental trial with either fast-tempo 
music (male s=10, females =10), slow-tempo music (males =11, females =10), or no-music 
(males =11, females =11). Each participant wore a heart rate (HR) monitor that recorded HR 
every 10 seconds while rating of perceived exertion (RPE) and attention (Attention Scale, 
Tammen, 1996) were measured every 30 seconds via verbal feedback of a respective number 
from the participant. The Attention Scale (AS) measured attention throughout a task and ranged 
from dissociative attention (0= external thoughts, surroundings, music) to associative attention 
(10= internal thoughts, breathing, muscles).   
After the trials, each participant completed a commitment check and music enjoyment 
scale if they were fast-tempo and slow-tempo participants (Feiss et al., 2020).  The commitment 
check allowed the participant to indicate how much effort they invested into the exercise and 
how hard they tried while completing the task from 1 (none; not at all, respectively) to 10 (very 
much; very hard, respectively) (Feiss et al., 2020). The music enjoyment scale (MES) showed 
the participant’s enjoyment ranging from 1 (I did not like it at all) to 10 (I liked it very much) 
(Feiss et al., 2020). Music selection included 10 songs from a variety of genres selected from the 
Billboard Hot 100 in the last 6 months that were edited to fit either fast-tempo (120bpm) or slow-
tempo (90bpm) as the same song was played in both conditions (Feiss et al., 2020). During the 
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wall-sit exercise, participants in the music conditions (fast-tempo and slow-tempo) maintained a 
dissociative attentional state as opposed to participants in the no-music condition; however, this 
result did not carry over into the plank hold exercise. When comparing HR, RPE, time to 
volitional fatigue, and affect, neither music condition influenced the results (Feiss et al., 2020). 
While this study did provide a way to determine the attentional focus during an isometric 
exercise, future studies can expand upon this idea by testing other focal points during exercise 
(i.e., a mirror). 
As seen in the previously mentioned studies, attention is often tested after an exercise is 
completed as a posttest analysis. A study done on rowers used a retrospective classification 
method to assess the participant’s thoughts during their rowing trials (Tenenbaum & Connolly, 
2007). Participants were asked to write down their thoughts after each session, and the thoughts 
were then classified into sub-classifications of feelings and affects (A), body monitoring (B), 
command and instruction (C), environmental feedback (E), course information (I), pace 
monitoring (P), reflective activity thoughts (R), personal problem solving (S), talk and 
conversational chatter (T), and work, career, and management (W). This classification method, 
known as Schomer’s classification, determined if the participant used a dissociative state (E, I, R, 
S, T, W) or associative state (A, B, C, P) (Schomer, 1986).   
Another study tested for association versus dissociation on ergometer rowing sprint 
participants (Gabana et al., 2015). Tammen’s Attention Scale (AS) single-item scale ranges from 
0 (association; heart rate, muscular fatigue, breathing) to 10 (dissociation; daydreaming, 
environment, distractions) with the midpoint of 5 representing a shift from association to 
dissociation (Tammen, 1996). Gabana et al. (2015) used this AS to assess the participants 
association versus dissociation while also testing for task-relevant versus task-irrelevant thoughts 
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after each row trial. Task-relevance and task-irrelevance were also assessed with a single-item 
scale that ranged from 0 (thoughts related to the task) to 10 (thoughts unrelated to the task) 
(Stevinson & Biddle, 1999).  
Each of the aforementioned studies (Tenenbaum & Connolly, 2007; Gabana et al., 2015) 
reported positive results (i.e., participant’s ability to recall) when using the scales and 
questionnaires in a posttest analysis of attention. In using a single-item attention scale, Masters 
and Ogles (1998) have attested to its effectiveness and reliability immediately following an 

















APPENDIX B  
SUPPLEMENTARY TABLE 
Supplementary Table 1.   
Participant’s post-trial questionnaire response and classifications.  
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